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SPECIFICATION 

1. Title of the Invention 

Method for Removing Nitrogen Oxide 

2. Scope of Patent Claims 

(1) A method for removing nitrogen oxide, characterized 
by comprising using a catalyst composition containing a 
component A and a component B below when removing nitrogen 
oxide containing gas by contact reduction at temperatures 
from 400°C to 700°C in the presence of ammonia: 

A: at least one selected from the group consisting of 
a ternary composite oxide consisting of titanium (Ti) , 
phosphorus (P) , and silicon (Si), a ternary composite oxide 
consisting of Ti, P, and zirconium (Zr) , and a quaternary 
composite oxide consisting of Ti, P, Si, and Zr; and 

B: an oxide of at least one element selected from the 
group consisting of tungsten (W) , cerium (Ce) , and tin (Sn) . 
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3. Detailed Description of the Invention 

The present invention relates to a method for 
removing nitrogen oxide (hereinafter, referred to as NOx) 
contained in gas by contact reduction using ammonia as a 
reductant . 

The present invention particularly provides a method 
for removing NOx by adding ammonia to toxic gas containing 
NOx to efficiently reduce NOx to harmless nitrogen at a 
high temperature of 400°C or higher, and further, using a 
catalyst having excellent performance in durability. 

NOx contained in combustion exhaust gas exhausted 
from heat power stations and other industrial facilities 
causes environmental pollution. Therefore, researches and 
developments regarding techniques for removing NOx in 
exhaust gas proceed in various fields, and a large number 
of specific methods have been proposed. 

Among all, selective contact reduction techniques 
using ammonia as a reductant, which are not affected by 
gasses [sulfur oxide (hereinafter, referred to as SOx) , 
water vapor, oxygen, and the like] coexisting in exhaust 
gas to remove NOx extremely selectively by reduction, is 
economically and technically advantageous as catalysts were 
developed that have excellent performance in durability, 
and thus they are the main stream in NOx removal techniques. 

At present, most frequently industrially used 
catalysts have titanium oxide matrix, and catalysts made of 
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oxide combined with, for example, vanadium, tungsten, 
molybdenum, iron, and the like, or made of some types of 
sulfate are not only unaffected in NOx reduction activity 
by SOx, oxygen, carbon dioxide gas, water vapor, and the 
like coexisting in exhaust gas, but also have better 
activity compared with catalysts having active alumina 
matrix and have excellent resistant to acids, and thus they 
are the main stream of catalyst applied to selective 
contact reduction techniques using ammonia as a reductant. 

Such catalysts having titanium oxide matrix describe 
above are, however, poor in heat resistance, and according 
to the examinations by the present inventors, when used for 
a long time in a range of temperatures from 300°C to 400°C, 
specific surface area of such catalysts is reduced to cause 
crystallization of catalytic components. Therefore, they 
have a disadvantage of reduction in catalytic activity. In 
contrast, exhaust gas containing NOx from gas turbines, 
open hearth steel furnaces, glass melting furnaces, and the 
like is at high temperatures from 500°C to 600°C, and 
exhaust gas even from general boilers may be at high 
temperatures of 400°C or higher depending on conditions. 

Performance of catalysts for removing NOx, which are 
intended for these exhaust gases, needs to include heat 
resistance better than that in conventional catalysts and 
have sufficient activity even when used in a range of high 
temperature of 400°C or higher. 

As the present inventors studied performance of 
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catalysts having the above-described titanium oxide matrix 
in the range of high temperatures of 400°C or higher, a 
part of ammonia added as a reductant for NOx was oxidized 
so that catalytic activity sufficient for conversion to NOx 
was not be obtained, and when used for a long time, 
specific surface area of catalyst was reduced more than the 
result of the case used in the range of temperatures from 
300°C to 400°C, causing crystallization of catalytic 
components and reduction in catalytic activity. 

Considering the above problems, the present inventors 
researched keenly to obtain a catalyst having sufficient 
activity even at high temperatures and heat resistance, and 
as a result, found that a catalyst including: a ternary 
composite oxide consisting of titanium, phosphorus, and 
silicon, or a ternary composite oxide consisting of 
titanium, phosphorus, and zirconium, or a quaternary 
composite oxide consisting of titanium, phosphorus, silicon, 
and zirconium; and an oxide of at least one selected from 
the group consisting of tungsten, cerium, and tin overcomes 
the disadvantages above and maintains excellent performance 
over a long period of time, and thus completed the present 
invention . 

In other words, the present invention is 
characterized in using a composite oxide selected from a 
ternary composite oxide consisting of titanium, phosphorus, 
and silicon (hereinafter, referred to as Ti02-P20 5 -Si0 2 ) , a 
ternary composite oxide consisting of titanium, phosphorus, 
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and zirconium (hereinafter, referred to as Ti0 2 -P205-ZrC>2) / 
and a quaternary composite oxide consisting of titanium, 
phosphorus, silicon, and zirconium (hereinafter abbreviated 
as Ti02-P20 5 -Si02-Zr0 2 ) . 

Ti0 2 -P20 5 -Si0 2 , Ti0 2 -P20 5 -Zr0 2 , and Ti0 2 -P 2 05-Si0 2 -Zr0 2 
are active in themselves to NOx in exhaust gas, and serve 
as carriers in the present invention, and further,, the 
physical properties of these composite oxides give 
preferable physical properties to a finished catalyst. 

These composite oxides are known as solid acid, 
demonstrate outstanding acidity, which is not found in each 
single oxide, and have high specific surface areas as well 
as excellent heat resistance. That is, these composite 
oxides are not a simple mixture of each single oxide but 
what is recognized to develop the unique physical 
properties by being formed into a ternary or quaternary 
composite oxide. 

The high specific surface area of finished catalyst 
of the present invention results in enhancing the catalytic 
activity, and the heat resistance thereof results in 
effects such as high activity maintained for a long period 
of time. The composite oxides of the present invention are 
characterized in including phosphorous as a component 
element . 

Although it is difficult to determine the role of 
each element consisting of the composite oxides to the 
performance on the finished catalyst, it can be understood 
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indirectly by comparison and examination of performance of 
the finished catalyst. 

In the composite oxides, among various effects of 
containing phosphorous as a component element are 
recognized, it is particularly recognized in activity of 
the finished catalyst that oxidation of ammonia to NOx is 
inhibited and further crystallization of catalytic 
components is inhibited, resulting in maintaining excellent 
activity of the finished catalyst for a long period of time. 

Ti0 2 -P20 5 -Si0 2 , Ti0 2 -P 2 0 5 -Zr0 2 , and Ti0 2 -P 2 0 5 -Si0 2 -Zr0 2 
used in the catalyst of the present invention are ternary 
and quaternary composite oxides having a BET surface area 
of 30 m 2 /g or more and having a composition in ranges of 25 
to 98 mol% of Ti0 2 , 0.1 to 20 mol%, preferably 0.2 to 10 
mol%, of P 2 0 5 , 1 to 55 moll of Si0 2 and Zr0 2 (Si0 2 + Zr0 2 ) 
(relative to Ti0 2 + P 2 0 5 + Si0 2 + Zr0 2 = 100 mol% in any 
case) . 

Next, other catalytic components used with the 
composite oxides, such as Ti0 2 -P 2 0 5 -Si0 2 , Ti0 2 -P 2 0 5 -Zr0 2 , and 
Ti0 2 -P 2 C>5-Si0 2 -Zr0 2 , are preferably selected from oxides of 
tungsten, cerium, and tin. Although these oxides have heat 
resistance in themselves, they demonstrate further 
excellent heat resistance in a form of finished catalyst. 

The catalyst of the present invention is a catalyst 
having a composition in ranges of 79 to 99 weight% of one 
composite oxide out of Ti0 2 -P 2 0 5 -Si0 2 , Ti0 2 -P 2 0 5 -Zr0 2 , and 
Ti0 2 -P 2 05-Si02-Zr0 2 , and 1 to 30 weight% of an oxide of at 
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least one element selected from the group consisting of 
tungsten, cerium, and tin. 

In order to prepare the composite oxides, such as 
Ti0 2 -P205-Si0 2 , Ti0 2 -P20 5 -Zr0 2 , and Ti02-P20 5 -Si0 2 -Zr02/ 
firstly: a titanium source may be selected from inorganic 
titanium compounds, such as titanium chlorides, titanium 
oxychloride, titanium sulfate, titanium oxysulfate, 
orthotitanic acid, metatitanic acid, gamma (y) -titanic acid, 
organic titanium compounds, such as titanium oxalate and 
tetraisopropyl titanate, and the like; a phosphorous source 
may be selected from phosphoric acids, ammonium phosphates, 
and the like; a silica source may be selected from 
inorganic silicon compounds, such as colloidal silica, 
water glass, silicon tetrachloride, and silica gel, organic 
silicon compounds such as tetraethyl silicate, and the 
like; and a zirconium source may be selected from inorganic 
zirconium compounds, such as zirconium chloride, zirconium 
oxychloride, zirconium sulfate, zirconium oxysulfate, 
zirconium nitrate, and zirconium oxynitrate, organic 
zirconium compounds, such as zirconium oxalate and 
tetraisopropyl zirconate, and the like. Other than these, a 
composite material may be selected from titanium phosphate, 
zirconium phosphate, zirconium silicate, titanium silicate, 
and the like. Although these materials may contain a trace 
amount of impurities and contaminants, it is not a problem 
as long as they do not largely affect the physical 
properties of the above composite oxides. 
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A method for preparing the composite oxides may 
include the following methods, taking Ti0 2 -P20 5 -Si0 2 as an 
example . 

(1) Titanium tetrachloride is mixed with colloidal silica, 
and added to phosphoric acid. 

To this mixture, aqueous ammonia is added to produce 
precipitation, and the precipitate is separated by 
filtration and then washed with water. In this method, the 
resultant cake is dried and then calcined at 150°C to 800°C, 
preferably 300°C to 750°C. 

(2) Colloidal silica is added to a water-washed cake of 
orthotitanic acid or metatitanic acid, and then phosphoric 
acid is added to be mixed. Ammonia is mixed to this mixture 
for neutralization to produce precipitate, and the 
precipitate is separated by filtration and then washed with 
water. In this method, the resultant cake is dried and then 
calcined at 150°C to 800°C, preferably 300°C to 750°C. 

Specifically, the method is carried out in the 
following manner. That is, the compounds of above titanium 
source, phosphorous source, and silicon source are taken so 
as to satisfy the predetermined amount, and in a state of 
an acid aqueous solution or sol, it provides titanium, 
phosphorous, and silicon at a concentration from 1 to 50 
g/1 in terms of oxide and maintains at 10°C to 100°C. 
Aqueous ammonia is dropped therein as a neutralizer while 
stirring, and a coprecipitation compound consisting of 
titanium, phosphorous, and silicon is produced for ten 
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minutes to three hours at a pH of 4 to 10, and then 
separated by filtration and thoroughly washed with water, 
followed by being dried at 80°C to 140°C for one to ten 
hours, and calcined at 150°C to 800°C, preferably 300°C to 
750°C, for one to ten hours and thus Ti0 2 -P20 5 -Si0 2 can be 
obtained. 

Ti0 2 -P20 5 -Zr0 2 and Ti0 2 -P 2 0 5 -Si0 2 -Zr0 2 may also be 
obtained in the similar manner as TiO 2 -P 2 O 5 -Si0 2 . 

Next, as a starting material of the catalytic 
components used with the above composite oxides, a tungsten 
source may be selected from tungsten oxide, ammonium 
paratungstate, tungstic solutions, and the like, a cerium 
source may be selected from cerium oxide, cerium nitrate, 
cerium sulfate, cerium ammonium nitrate, cerium ammonium 
sulfate, and the like, a tin source may be selected from 
tin oxide, stannic acid, tin nitrate, tin chloride, tin 
sulfate, tin oxalate, and the like. 

An example of a method for preparing the catalyst 
according to the present invention is, in a case of 
containing Ti0 2 -P 2 0 5 -Si0 2 and tungsten, to mix Ti0 2 -P 2 0 5 -Si0 2 
powder obtained in the method described above with a binder, 
a reinforcer, and the like, as needed, to add an aqueous 
solution or aqueous oxalic acid or ethanolamine solution 
containing a tungsten compound, to thoroughly knead with a 
kneader, to further add water appropriately, and to extrude 
the mixture with an extruder in an arbitrary shape. Then, 
the extruded product is dried at 20°C to 150°C, and 
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calcined at 300°C to 800°C for one to ten hours to obtain a 
catalyst. In addition, as another applicable method, TiC>2- 
P 2 05-Si02 powder is molded in an arbitrary shape in advance, 
and dried and calcined, followed by impregnation or baking 
to make it support the tungsten component. 

In the method for preparing the catalyst, the 
moldability can be improved by adding a flammable organic 
polymer compound, such as polyethylene glycol, starch, 
graphite, polyacrylamide, polyvinyl alcohol, celluloses 
like methylcellulose, and the like. Moreover, the 
mechanical strength of the catalyst can be improved by 
adding, as a reinforcer, inorganic fibers, such as glass 
fibers, metal fibers, and kaowools, clay, silica, silica- 
alumina, alumina, zirconium, gypsum, borax, and the like. 

The shape of the catalyst may be appropriately 
selected from the forms of pellet, pipe, plate, cell, 
ribbon, corrugated sheet, donut, any shape of integral 
molding, and the like. In addition, methods for preparing 
the catalyst by coating the catalyst components on a cell 
carrier of cordierite, mullite, silica-alumina, or the like, 
and a metal matrix of gauze or the like may be employed. 

Although the method for removing NOx of the present 
invention is varied depending on types and properties of 
the exhaust gas subjected to the process, the amount of 
ammonia (NH 3 ) to be added is, firstly, preferably from 0.5 
mol to 3 mol per 1 mol of NOx. This is because particular 
attention has to be paid not to exhaust excessive NH 3 as 
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unreacted matter. Next, the processing temperature is from 
150°C to 800°C, particularly preferred to be from 400°C to 
700°C, and the space velocity is from 1,000 Hr" 1 to 100,000 
Hr" 1 , particularly preferred to be in the range from 3,000 
Hr"* 1 to 30, 000 Hr" 1 . Although the process pressure is not 
particularly limited, it is preferably in the range from 
0.01 to 10 Kg/cm 2 . 

Hereinafter, the present invention is described more 
in detail with Examples and Comparative Examples. It should 
be noted, however, that the present invention is not 
limited to these Examples. 

Example 1 

Ti02-P20s-Si02 was prepared in the following method. 

To 200 1 of water, 11.0 Kg of titanium tetrachloride 
[TiCl 4 ] was gradually dropped while ice-cooled and stirred, 
and then 3.15 Kg of SNOWTEX-0 (silica sol manufactured by 
Nissan Chemical Industries, Ltd., containing 20 to 21 
weight% as Si0 2 ) was added, and after thoroughly stirred, 
0.27 Kg of phosphoric acid [H3PO4] was added. While keeping 
this at temperatures approximately 30°C and thoroughly 
stirring, aqueous ammonia was gradually dropped, added 
until obtaining the pH of approximately 7, and further left 
there for two hours of aging. The resultant coprecipitat ion 
compound was separated by filtration and washed with water, 
and then dried at 120°C for five hours, and calcined at 
550°C for five hours. The resultant calcined product was 
ground to be provided for the catalyst preparation 
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described below. 

The composition of the powder was Ti0 2 : P2O5 : Si0 2 = 
83:2:15 (molar ratio) as an oxide. 

To 1 Kg of the above powder, 20 g of methylcellulose 
was added and thoroughly mixed, and then 200 ml of an 
aqueous ethanolamine solution containing 129 g of ammonium 
paratungstate [ (NH 4 )i 0 . (W12O46H10) . 6H 2 0] . It was thoroughly 
mixed with a kneader, and 25 g of oxalate acid was added 
and thoroughly kneaded. 

After further kneaded while an appropriate amount of 
water was added, it was molded with an extruder into 
cylindrical pellets of 4 mm in diameter and 5 mm in length, 
and dried at 120°C for six hours, followed by being 
calcined in air at 700°C for five hours. The resultant 
catalyst had a composition of ( Ti0 2 -P 2 0 5 -Si0 2 ) :W03 = 90:10 
(weight%), and BET specific surface area was 150 m 2 /g. 

Example 2 

Ti0 2 -P 2 0 5 -Zr0 2 was prepared in the following method. 

To 150 1 of water, 24.0 1 of an aqueous sulfuric acid 
solution of titanyl sulfate (containing 250 g/1 as Ti0 2 , 
1200 g/1 total sulfuric acid) was gradually dropped while 
ice-cooled and stirred, and then 100 1 of an aqueous 
solution in which 5.35 Kg of zirconyl nitrate 
[ ZrO (NO3) 2 . 2H 2 0] was dissolved was added, and while 
thoroughly stirring, aqueous ammonia was gradually dropped, 
added until obtaining the pH of approximately 4. After that, 
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10 1 of an aqueous solution in which 2.03 Kg of ammonium 
phosphate [ (NH 4 ) 3PO4 . 3H 2 0] was dissolved was added and after 
thoroughly stirred, ammonia was added until obtaining the 
pH of approximately 7 and further left there for 15 hours 
of aging. The resultant coprecipitate was separated by 
filtration and washed with water, and then dried at 120°C 
for five hours, and calcined at 550°C for five hours. The 
resultant calcined product was ground to be provided for 
the catalyst preparation described below. The composition 
of the powder is Ti0 2 : P2O5 : Zr0 2 = 75:5:20 (molar ratio) as 
an oxide. 

To 1 Kg of the above powder, 20 g of methylcellulose 
was added and thoroughly mixed, and then 200 ml of an 
aqueous solution in which 25 g of oxalic acid was dissolved 
was added. It was thoroughly mixed with a kneader and 
thoroughly kneaded, and after further kneaded while an 
appropriate amount of water was added, it was molded with 
an extruder into cylindrical pellets of 4 mm in diameter 
and 5 mm in length, and dried at 120°C for six hours, 
followed by being calcined in air at 450°C for five hours. 
These pellets were immersed in an ammonium paratungstate 
solution, supporting 10 weight% as W0 3 , and dried at 120°C 
for six hours, followed by calcining in air at 700°C for 
five hours. The resultant catalyst had BET specific surface 
area of 110 m 2 /g. 

Comparative Example 1 

Using powder of commercially available anatase Ti0 2 , 
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a catalyst was prepared according to Example 2 . The 
resultant catalyst had BET specific surface area of 50 m 2 /g. 

Comparative Example 2 

Using powder of commercially available silica, a 
catalyst was prepared according to Example 2. The resultant 
catalyst had BET specific surface area of 160 m 2 /g. 

Comparative Example 3 

Using powder of commercially available zirconium 
oxide, a catalyst was prepared according to Example 2. The 
resultant catalyst had BET specific surface area of 15 m 2 /g. 

Comparative Example 4 

After mixing powder of commercially available anatase 
Ti0 2 and silica, ammonium phosphate was added and a 
catalyst having the same catalytic composition was prepared 
according to Example 2 . 

Example 3 

Regarding each catalyst of Examples 1 and 2 and 
Comparative Examples 1 through 4, catalytic activity was 
tested in the following method. Fifteen milliliters of a 
catalyst was filled in a quartz glass reaction tube having 
an inner diameter of 18 mm, and after setting a reaction 
temperature by heating the reaction tube with an electric 
furnace, a synthetic gas of the following composition was 
introduced to a catalyst bed at a space velocity of 10,000 
Hr" 1 to obtain reaction temperature and NOx reduction rate 
(%). (For NOx analysis, chemiluminescent CLD75 manufactured 
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by Yanagimoto was used.) 



NO 2 00 ppm 

NH 3 2 00 ppm 

S0 2 10 ppm 

0 2 15 mass% 

C0 2 10 mass% 

H 2 0 10 mass% 

N 2 the residue 



It should be noted that calculation was carried out 
with NOx Reduction Rate (%) = (1 - NOx Concentration at 
Outlet / NOx Concentration at Inlet) x 100. 



Table 1 (NOx Reduction Rate %) 



Catalyst 


Composition 


Temperature (°C) 


400 


450 


500 


550 


600 


650 


700 


Example 
















1 


[Ti0 2 (83)P 2 0 5 (2)Si0 2 (15) ] (90)+WO 2 (10) 


86 


88 


88 


87 


83 


78 


69 


2 


[TiO 2 <75)P 2 O 5 (5)ZrO 2 (20) ] ( 90 ) +W0 3 ( 10 ) 


85 


88 


90 


91 


84 


76 


67 


Comparative Example 
















1 


[TiO 2 (100)] (90)+WO 3 (10) 


65 


69 


70 


68 


53 


32 


6 


2 


[SiO 2 (100)] (90)+WO 3 (10) 


25 


28 


29 


31 


31 


29 


22 


3 


[ZrO 2 {100)] (90)+WO 3 (10) 


52 


56 


58 


59 


52 


47 


39 


4 


[Ti0 2 (75) P 2 0 5 (5) ZrQ 2 (20) ] (90)+WO 3 (10) 


54 


63 


66 


62 


48 


28 


5 
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Note: In the composition above, [( )] denotes mol%, and ( ) 
denotes weight%. 



Example 4 

A cell catalyst was prepared in the following method. 
To 1 Kg of Ti0 2 -P20 5 -Zr0 2 powder obtained in Example 2, 40 g 
of methylcellulose was added and thoroughly mixed, and then 
200 ml of an aqueous solution in which 25 g of sulfuric 
acid was dissolved was added. It was thoroughly mixed with 
a kneader and thoroughly kneaded, and after further kneaded 
while an appropriate amount of water was added, it was 
molded with an extruder into a cell of 1 mm in cell 
thickness, 4 mm of pore diameter, and 150 of pores, and 
dried at 120°C for six hours, followed by being calcined in 
air at 450°C for five hours. The cell catalyst was immersed 
in an ammonium paratungs tate solution, supporting 10 
weight% as W0 3 , and dried at 120°C for six hours, followed 
by calcining in air at 700°C for five hours. The resultant 
catalyst was cut into 3 pores-in-cell , and filled in filled 
in a quartz glass reaction tube having an inner diameter of 
30 mm to carry out activity test according to Example 3. 
Table 2 shows NOx reduction rate (%) at a space velocity of 
5, 000 Hr" 1 . 



Table 2 



(NOx Reduction Rate %) 



Catalyst 



Temperature (°C) 
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400 


450 


500 


550 


600 


650 


700 


Example 4 


93 


95 


96 


97 


92 


87 


79 



Examples 5 through 24 

According to the preparation method in Example 2, 
catalysts were prepared by varying the composition of the 
composite oxides and the catalytic components to be used 
with them. 

As material sources, sulfate was used for titanium, 
ammonium salts for phosphorous and tungsten, nitrate for 
zirconium and cerium, silica sol for silicon, and chloride 
for tin. 

The activity tests of the catalysts were carried out 
according to Example 3 . 



Table 3 (NOx Reduction Rate %) 



Catalyst 


Composition 


Temperature (oC) 


400 


450 


500 


550 


600 


650 


700 


Example 
















5 


[TiO 2 (8 0)P 2 O5(5)SiO 2 (15) ] ( 90 ) +Sn0 2 ( 10 ) 


85 


88 


89 


87 


82 


74 


63 


6 


[Ti0 2 (84)P 2 0 5 (l)Si0 2 (15) ] ( 90 ) +Sn0 2 ( 10 ) 


87 


89 


88 


86 


81 


74 


65 


7 


[Ti0 2 (80) P 2 0 5 (5) Zr0 2 (15) ] ( 90 ) +Sn0 2 ( 5 ) +Ce0 2 (5) 


94 


94 


91 


86 


79 


71 


60 


8 


[Ti0 2 (83) P 2 O s (2 ) Zr0 2 (15) 3] (99 . 5 ) +Ce0 2 (0.5) 


90 


91 


90 


88 


82 


74 


60 


9 


[TiO 2 (80)P 2 O 5 (5)ZrO 2 (15) ] (99)+W0 3 (l) 


76 


81 


84 


86 


80 


73 


62 


10 


[TiO 2 (80)P 2 O 5 (5)ZrO 2 (15) ] (95)+W0 3 (5) 


82 


86 


88 


89 


83 


75 


65 
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11 


[Ti0 2 (80) P 2 0 5 (5) Zr0 2 (15) ] (80)+WO 3 (20) 


89 


91 


92 




85 


76 


64 


12 


[Ti0 2 (80)P 2 O 5 (5) ZrO z (15) ] (70)+WO 3 (30) 


90 


92 


93 




84 


74 


60 


13 


[Ti0 2 (79.5) P 2 0 5 (0.5) Si0 2 (20) ] <90)+WO 3 (10) 


88 


89 


89 


87 


82 


75 


63 


14 


[Ti0 2 (70) P 2 O s (10) ZrO 2 (20) ] <90)+WO 3 (10) 


80 


84 


87 


86 


83 


76 


68 


15 


[Ti0 2 (78) P 2 0 5 (2 ) Si0 2 (10) Zr0 2 (10) ] (90) +W0 3 (10) 


87 


89 


91 


90 


84 


77 


69 


16 


[Ti0 2 (80) P 2 0 5 (5) Si0 2 (5) Zr0 2 (10) ] (90)+WO 3 (10) 


86 


89 


90 


90 


83 


76 


68 


17 


[Ti0 2 (88) P 2 0 5 (2) Si0 2 (10) ] (90)+WO 3 (5)+Ce0 2 (5) 


92 


92 


91 


89 


83 


74 


61 


18 


[Ti0 2 (89) P 2 0 5 (1) ZrO z (10) ] ( 90 ) +Sn0 2 ( 5 ) +Ce<3 2 (5) 


86 


89 


90 


90 


84 


77 


68 


19 


[Ti0 2 (80) P 2 O s (5) Zr0 2 (15) ] ( 70 ) +Sn0 2 ( 30 ) 


89 


90 


90 


88 


85 


76 


63 


20 


[Ti0 2 (70) P 2 0 6 (10) Zr0 2 (20) ] (95) +Ce0 2 (5) 


88 


89 


87 


84 


80 


71 


61 


21 


[Ti0 2 (79.5) P 2 O 5 (0.5)SiO 2 (20) ] (95)+Sn0 2 (5) 


88 


88 


87 


85 


79 


72 


62 


22 


[Ti0 2 (88) P 2 0 5 (2) Zr0 2 (10) ] (99)+Sn0 2 (l) 


80 


84 


85 


83 


80 


73 


61 


23 


[Ti0 2 (8 0) P 2 0 5 (5) SiO z (5) Zr0 2 (10) ] ( 90 ) + Sn0 2 ( 10 ) 


87 


90 


90 


88 


82 


75 


66 


24 


[TiQ 2 (79) P 2 O s (1) SiQ 2 (10) ZrQ 2 (10) ] (90) +SnQ 2 (10) 


87 


90 


89 


87 


80 


73 


65 



Example 2 5 

To check heat resistance of the catalysts according 
to the present invention, the catalysts of Examples 1, 2, 
and 5 and Comparative Examples 1 and 4 were maintained in 
air at 700°C for 500 hours to measure the changes in 
catalytic activity according to example 3. Table 4 shows 
the results of testing at 600°C. 

Table 4 (NOx Reduction Rate %) 



Catalyst 



New product 



500hr 
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Example 1 


83 


83 


2 


84 


83 


5 


82 


82 


Comparative Example 1 


53 


42 


4 


48 


41 
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